Quantitative precipitation estimation provided by weather radars plays a vital role in many hydrometeorological applications. The complexity of all the factors that contribute, on the one hand, to rainfall processes, and on the other hand, to the behavior of the energy beam emitted by the radar in its traverse through the atmosphere, mean that current estimates generally differ from the precipitation observed on surface. The aim of this study was to validate the SRI product (Surface Rain Intensity), which is a method of radar rainfall estimation that applies a correction considering a vertical profile of reflectivity (VPR). The VPR takes into account the freezing level height to make a correction in areas affected by the phenomenon known as "bright band". Precipitation estimates obtained through this method were compared with other methods currently operational in the Meteorological Service of Catalonia in five representative episodes of convective and stratiform rainfall. In general, better results were obtained when compared with raingauge observations. Although this is a preliminary assessment that will have to be completed with more case studies, the results indicate good prospects for an operational use of this method.
Introduction
There is increasing interest in getting good estimates of precipitation at ground level by using remote sensing tools. As hydrometeorological models and short-term prediction systems improve, it becomes necessary to have a rainfall field in almost real time that covers all the area being considered.
Rain gauges, despite being the paradigmatic instruments for measuring precipitation, are generally inadequate for hydrometeorological applications (Collier, 1986) . Since they only allow measuring isolated precipitation values, it is difficult to obtain a continuous field of measurements covering the whole territory, especially in areas of complex topography (Germann et al., 2006) . The meteorological radar, however, makes it possible to obtain a rainfall field in almost real time for areas up to 250 km of radius, although further than 100 km the quality of the estimate is usually very reduced (Joss and Waldvogel, 1990) . It is therefore an indispensable instrument in terms of displaying and tracking precipitating structures and it makes possible, together with a hydrological model, to issue warnings of possible flash floods and mitigate both personal and material damage.
However, it is important to consider that the measurements taken by the radar are subjected to various sources of error. These can be grouped into three categories (Zawadzki, 1984; Joss and Lee, 1995; Dinku et al., 2002 ):
• Errors caused by the radar system itself (bad electronic calibration, errors in the orientation of the antenna).
• Errors related to the interaction between the radar wave and the environment (ground clutter, animals, airplanes, orographic blocking, echoes in clear air, rain attenuation, increase of the beam volume with distance).
• Errors in converting the reflectivity radar measurements (Z) in precipitation intensity values (R) on ground (fluctuations in the wave propagation, type of precipitation or relation Z − R, non-uniform vertical profile reflectivity (PVR)).
Given normal propagation conditions and the subsequent curvature of the microwave beam emitted by the radar, the beam height increases with distance from the radar. The impact of this effect is that the precipitation detected by the radar can be located at altitudes far above the ground, and therefore, effects such as the bright band (Cunningham, 1947; Vignal et al., 2000) , orographic enhancement (Browning, 1980; Cotton et al., 1983) or evaporation, among others, provoke that the algorithms applied directly to the reflectivity value measured by the radar at a certain height provide accumulation values that may be very different from those registered by the rain gauges in the area at ground level.
The bright band effect plays a key role in these errors. The bright band is a layer where the reflectivity detected by the radar is strongly increased. The reason for this phenomenon is the following: when solid hydrometeors particles cross the melting layer they begin to melt and are covered by a thin layer of liquid water. The radar interprets them as very large drops of liquid precipitate and the reflectivity values may be increased up to a factor of about 7 dB. This increase occurs due to the fact that solid and liquid precipitation have different dielectric constants and different speeds of falling, which makes the reflectivity values detected by the radar different depending on the stage of precipitation (Rinehart, 1997). The first corrections applied to radar measurements were based primarily on climatic corrections depending on the area of the precipitation (Collier, 1986) . Corrections from the VPR were first suggested by Koistinen (1991) , who thought that if it was possible to determine the change of reflectivity according to height, the value measured by the radar up to the surface could be extrapolated and therefore provide a much more accurate result. This theory, although encouraging, is limited by the difficulty in measuring the VPR and its rapid variation with time and space. Although different approaches have been proposed to determine it (Andrieu and Creutin, 1995; Vignal et al., 1998; Mittermaier and Illingworth, 2003) , the most effective way to make this correction has not been established yet.
This article is structured as follows: the methodology section presents the study area, the technical characteristics of the radar used, the analyzed configurations of the SRI product and the statistics for the analysis. This is followed with showing the results, and the article closes with a brief discussion about the conclusions reached.
Methodology
The study area has been Catalonia, which is located in the northeast of the Iberian Peninsula, characterized by a complex topography and directly influenced by the Mediterranean Sea (Figure 1) . In order to evaluate the product in question the radar located in la Panadella (41.6 • N, 1.4
• E, 825 m) was used. It is a Doppler radar that operates in C band (5,600 to 5,650 MHz) and is part of the Radar Network of the Meteorological Service of Catalonia (Servei Meteorològic de Catalunya, hereafter, SMC) (Bech et al., 2008) . This radar performs 16 scans between 0.6
• and 27
• per 6 minutes, and a Doppler filter is applied to remove fixed echoes. The resolution of the data is 1 km and 1
• . In order to evaluate the efficiency of the analyzed product in different circumstances five days of study were chosen, during different seasons and with a different evolution of the isozero or freezing level (Table 1) . Specifically, we studied two days in winter, two in spring and one in summer, all of them characterized by major changes in the height of the freezing level and a wide field of precipitation associated (Figures 2 and 3) . The analyzed product, called SRI (Surface Rain Intensity) is based on a methodology of VPR correction developed by the Finnish meteorological service (Koistinen, 1991) and is part of the IRIS software (Interactive Radar Information System), from the radar manufacturer Vaisala Sigmet (Sigmet, 2006) . IRIS is a software that makes it possible to program the acquisition of data and generate derived products with a weather radar. Among the different products of IRIS (PPI, RHI, CAPPI...), SRI allows a correction in the vertical profile of reflectivity and therefore minimizes the bright band effect.
SRI performs an extrapolation of the reflectivity value obtained by the radar at the lowest height where precipitation is detected all the way to the ground level. This process is carried out following a theoretical vertical profile of reflectivity previously defined in the product configuration phase (Figure 4) . The typical correction values are between -10 dB and +5 dB depending on the height of the freezing level, the distance to the radar and the lowest elevation angle of the antenna (in mm h −1 a factor 4 is reached due to the logarithmic nature of the relationship between reflectivity and precipitation intensity). Knowing the type of precipitation is crucial when deciding what type of correction should be applied. If it is a convective precipitation, the bright band effect does not occur or, in specific cases, it is very weak (Fabry and Zawadzki, 1994) . Therefore, in the case of convective precipitation the SRI does not extrapolate the value detected by the radar following the theoretical VPR (Figure 4 ), but instead modifies it by assigning the convective pixel the precipitation value of the lowest pixel without clutter (non precipitating echoes) that is located in its vertical and considers VPR to be constant all the way to the surface. However, in case of stratiform precipitation, the SRI corrects the reflectivity value detected by the radar through the theoretical VPR shown in Figure 4 .
The most important parameter that defines the vertical profile of reflectivity is the height of the freezing level. This value determines the position of the bright band. Above it, in region 4 (Figure 4 ), all precipitation is solid and the reflectivity increases with "S i " slope as height decreases. The value Figure 4 . Representation of the profile of reflectivity (VPR) used by the SRI product in case of stratiform precipitation in order to make the VPR correction. A0 refers to the freezing level height and therefore the beginning of the bright band; AR to the reference height where the extrapolation would be made. Si is the reflectivity gradient where ice predominates (over the bright band). D represents the width of the bright band and I its intensity. Sr represents the reflectivity gradient due to rain, under the bright band. considered in this parameter was the value used by the SRI by default (7 dBZ km −1 ). Regions 2 and 3 are within the bright band. This area is characterized by a sudden increase of the reflectivity that later decreases. This effect appears due to the presence of a mixture of liquid and solid precipitation and due to the interaction of the energy beam emitted by the radar with this mixture (Collier, 1986) . The parameters involved in these regions are the thickness of the melting layer (by default D=1 km) and the intensity of the peak of the melting layer (by default I=7 dBZ). Below the melting layer, in region 1, the gradient of the reflectivity is given by "S r " (1 dBZ km −1 ). This last gradient of reflectivity is considered in order to take into account the reinforcement of the precipitation due to orographic reasons.
In the set up phase of the product, the parameters of the vertical profile of reflectivity can be selected. In this way the most appropriate profile possible can be adjusted, based on the characteristics of the precipitation and the location. In addition to the parameters discussed in section 2.1, we can also choose whether the extrapolation will be made to sea level or to the surface given by a digital elevation model (DEM). An automatic distinction between convective and stratiform precipitation can also be activated.
From here on the SRI settings will be discussed. Each setting uses a theoretical VPR with a different bright band height. We should point out the importance of not confusing the real freezing level with the freezing level used by the SRI product when making the extrapolation; the closest the corrections are to the real theoretical freezing level, the more accurate the corrections will be.
The following SRI settings were analyzed for each episode:
• SRI-DEM, SRI-withoutDEM: these two settings have been made from the freezing level heights provided by the sounding data of Barcelona. As there are only two data points per day (00h and 12h), a linear interpolation was performed to know, in an initial approximation, the values of the freezing level's height at 6h, 9h, 15h, 18h and 21h. From these two values, two settings were generated: the SRI-DEM, which applies the correction to the surface given by the digital elevation model, and the SRI-without DEM, which applies the correction to sea level.
• SRI-Extremes: two extreme cases have been included here regarding the height of the freezing level. In one of them, the freezing level height was taken at 0 m and in the other case at 4500 m. From this point forward they will be called SRI-0m and SRI-4500m respectively. The interest of studying these two configurations is to evaluate the response of the product to the two extreme extrapolations: taking the gradient of reflectivity above the bright band (freezing level to 0 m) or below it (freezing level to 4500 m).
• SRI-climates: named as such because it consists of 12 individual settings. Each of them takes the height of the climatic freezing level per month for mid-latitudes (see Table 2 ).
In all cases the relation Z − R is the one used by Marshall and Palmer (1948):
( 1) where Z (mm 6 m −3 ) is the reflectivity and R (mm h −1 ) is the intensity of the precipitation.
Although the authors are aware of the variability of the relation Z − R according to different types of precipitation (e.g. Ulbrich and Lee, 1998), it has been decided to fix it for all cases in order to focus the study on the influence of the vertical profile of reflectivity in the estimation of precipitation, thus avoiding the introduction of more degrees of freedom.
To perform automatic discrimination between convective and stratiform precipitation, the SRI product uses a criterion applied in the original study by Koistinen (1991) . Specifically, the precipitation is considered to be convective if the value of reflectivity is over 34 dBZ or if there is precipitation at 2 km above the freezing level. Although there are studies that show that non-convective precipitation can be found over 34 dBZ (Rigo and Llasat, 2004) , this value was chosen because it is the value used by the SRI by default; future studies can analyze the implications of its variation. For other methods to distinguish between different types of precipitation, see as an example Sánchez-Diezma (2001), Rigo and Llasat (2004) or Bech et al. (2005) .
In addition to comparing the different SRI configurations to each other, we also considered the operative products for precipitation estimation using radar at the SMC. On the one hand, we studied the precipitation obtained with the lower CAPPIs (Constant Altitude Plan Position Indicator), at 1 km height (CAPPI products are obtained by making a horizontal cut of the radar data interpolated at the same height). The CAPPI product also uses the Z − R Marshall-Palmer relation and only corrects the estimates by eliminating fixed echoes with a Doppler filter.
We also considered the system output EHIMI (Integrated Hydrometeorological Forecasting Tool), developed by the Applied Research and Hydrometeorology Group (GRAHI) of the Polytechnic University of Catalonia in collaboration with the SMC, which applies a series of advanced corrections in real-time to the radar observations for use in hydrometeorological applications (Sánchez-Diezma et al., 2002; Bech et al., 2005) . This system includes, among others, a correction of the vertical profile of reflectivity (VPR), in which the height of the freezing level is deduced from radar data (Franco et al., 2006) . The EHIMI also uses the Marshall-Palmer relation Z − R. In order to evaluate the merits of the various radar products analyzed, their measurements were compared with the values recorded by the rain gauges of the network of automatic meteorological stations of the SMC (Prohom and Herrero, 2008) . It was considered fitting to select the rain gauges located at distances under 100 km of the radar in order to avoid errors caused by the increase of the volume of the radar beam at a distance. Similarly, with respect to the radar, the ones that presented an orographic blocking lesser than 10% were chosen. This selection led to the usage of 81 rain gauges out of a total of 161 available rain gauges (see Figure 1) . The study was carried out using hourly and 24-hour accumulations, comparing rain accumulations with the precipitation integrations of the pixel that occupies the position of the rain gauge. Rain gauge measurements greater than 0.5 mm with a radar estimate larger than 0.2 mm were considered to be valid.
The statistical indexes used to evaluate the different products related with the rain gauges are the following: the bias B, measured in dB, that makes it possible to find the difference of the average values between a radar estimate and a rain gauge estimate:
the average squared error (RMSE), measured in mm, in order to evaluate the magnitude of the average error between both samples. The use of the normalized square root of the differences prevents cancellations that can occur when getting, at times, positive difference values and in other cases negative difference values: Figure 7 . Representation of the VPR considered for positive freezing level heights (thick dark curve) and the VPR considered for freezing level heights under 0 m SRI-0m (fine grey curve). The ice (Si) and rain (Sr) VPR slopes are indicated; the intermediate peak, that begins under the freezing level (in this case at 2200 m), corresponds to the bright band with a thickness of 1000 m. The arrow shows that at low levels -where most rain gauges are locatedthe reflectivity value registered by the SRI-0m exceeds the observed one and, therefore, produces an overestimate. The abcisas axis represents the growing reflectivity to the right and the ordinate axis represents height.
and finally, it was considered advisable to calculate the RMSf (Root Mean Square factor), as it is a dimensionless index common in the bibliography and its value is independent of the absolute amount of precipitation (Gjertsen et al., 2004) : 
RM Sf
where N is the number of valid precipitation data, P pluvio (i) refers to the hourly/24-hour accumulation in the rain gauge i (mm) and P radar (i) to the hourly/24-hour accumulation by the radar in the position of the rain gauge i (mm). The analyses carried out and their importance for the evaluation of the studied product have been organized as following:
• Carrying out a study of the temporal evolution of the average bias in order to see if the sample is very biased and/or if there are marked variations of its value over time.
• Studying the bias distribution in relation with the distance in order to investigate whether its behavior follows the same pattern in all different products and different episodes.
• Representing the frequency distribution of the bias for the hourly and 24-hour values in order to determine the dispersion and homogeneity of the sample and, consequently, the consistency of the analyzed product.
• Creating scatter diagrams with the main products (CAPPI, EHIMI and SRI-DEM). These diagrams represented, on the one hand, all hourly values of precipitation, and on the other hand all the 24-hour accumulation values. This way, by using an adjustment for square minima the average bias and the linearity of the sample can be qualitatively and quantitatively visualized.
• Analyzing the indexes discussed in the previous section in order to have quantitative results and to compare them with other works that have been published on the same theme.
Results
This section presents a selection of results for each episode based on the previous list.
Temporal evolution of the average bias

SRI-DEM regarding CAPPI
In three of the five episodes analyzed, the SRI-DEM product was less biased with regard to the rain gauges than the CAPPI, except at some specific hours (Figures 5a, 5b  and 5d ). Regarding the other episodes, the estimates made by CAPPI are slightly less biased than the ones by SRI-DEM (Figure 5c ).
SRI-extremes
In the case of SRI-extremes, the results are different depending on the episode. In winter episodes (e.g. on 02-01-08, Figure 6a ) the SRI-0m is the most appropriate one. It is possible to see that the beginning of the episode is characterized by a marked overestimate, a fact that can be related with the freezing level height. At that time the freezing level observed by the radiosonde was located between 2400 and 2200 m, therefore, it is not realistic to suppose a freezing level height at 0 m which leads to an overestimate of the measurement. This effect occurs because if we consider the width of a bright band of about 1 km, the VPR slope corresponding to the height of the largest part of the rain gauges (between 0 and 1000 m) corresponds to liquid precipitation. On the other hand, the SRI-0m slope corresponds to solid precipitation, which causes the estimated values to be overestimation ( Figure 7) . As the freezing level becomes lower, it goes from an overestimate to underestimate. Figure 8 shows the increase in reflectivity caused by the bright band effect (clear ring structure around the radar) at the hour when there is a slight increase of the overestimate by the SRI-0m.
In the summer convective episode (Figure 6b ), the SRI-4500m together with the SRI-DEM get the least biased results. The fact that throughout the episode both SRI-DEM and the SRI-4500m get the same average bias values, and therefore of estimated precipitation, shows that the leakage by convective rain of the SRI product works properly. Figure 6 also represents the estimate if the freezing level is below sea level, called "-1". In this case the extrapolation is entirely performed using the gradient of reflectivity of region 4, considering all the solid precipitation. For the studied area, as the whole surface is above sea level, the results are identical as in the case of SRI-0m. However, for places such as the Netherlands, where part of its land is below sea level, this option is highly relevant.
SRI-climatic
We found that in three of the five analyzed cases, the less biased products are those with the heights of the freez- Figure 11 . Distribution of the 24-hour average bias for the day 2.1.08: a) SRI-DEM, SRI-0m and SRI-4500m products and b) SRI-without DEM, CAPPI and EHIMI products for the day 20.4.08. c) SRI-DEM, SRI-0m and SRI-4500m products and d) SRI-without DEM, CAPPI and EHIMI products. The lines indicate the average eased value of the symbols in the same color.
ing level of the months that coincide with the month of the episode (e.g. Figure 9a ). For the case of 20 April 2008 (Figure 9b) , the month that minimizes the bias is May instead of April. This fact is associated with the fact that on that day the freezing level height was higher than the climatic average in April.
SRI-DEM regarding SRI-withoutDEM
After analyzing the various episodes considered, it was verified that the implementation of a DEM in the SRI product does not vary the estimate of precipitation excessively (Figure 10) . However, the extrapolation down to the surface given by a digital terrain model does not increase the bias in any of the cases, and it is therefore always advisable to implement it in order to get the most accurate estimates of precipitation possible.
Distribution of bias with distance
To evaluate the bias behavior in function of the distance, this index has been represented in relation with the distance to the radar rain gauges. This was done for 24-hour accumulations and for all products considered (a sample of results is presented in Figure 11 ). The symbols represent the values of the average bias at the distance of the respective rain gauges. In order to easily see the results, a gentle curve that shows the trend of the values is superimposed. It shows how in general the bias increases as the beam moves off the radar. This result coincides with Bech et al. (2007) and it is observed in most episodes. In Figure 11c and in the case of SRI-0m, configuration values tend to overestimate more as the estimates move farther from the radar, while in the other diagrams the underestimate increases with distance. An increase in bias with distance is verified in both situations. The exception is Figure 11a , where the configuration SRI-0m induces a bias close to 0 dB regardless of the distance. Figure 12 . Histograms of the average bias for 24-hour accumulations of 2.1.08: a) SRI-DEM, SRI-0m and SRI-4500m products and b) SRI-DEM, CAPPI and EHIMI products, and of 12.7.08: c) SRI-DEM, SRI-0m and SRI-4500m products and d) SRI-DEM, CAPPI and EHIMI products.
Quantitative Analysis
Tables 3 to 5 show the average values for each episode of the statistical indexes evaluated in this study. For purposes of clarity the minimum values are indicated with the symbol " * " and the maximum with " * * ".
Although it is worth noting that the gentle curve may lead to erroneous conclusions, it should be interpreted only as a trend and not as an absolute value of the bias regarding the distance. The use of symbols is necessary for absolute values.
Histograms of the bias
Performing these types of representations, has made it possible to see the dispersion of the bias values for 24-hour accumulations and therefore evaluate the consistency of the studied products. All products were found to be consistent with the default settings, that is to say, the dispersion of their bias values is small. It is observed that in the winter cases the less biased setting is again the one that implements the freezing level at 0 m, showing a very focused peak at 0 dB and a maximum frequency value of 25 values (Figure 12a ). In comparison with Figure 12b , it shows that the SRI-0m is the one that obtains less biased estimates, also with regard to SRI-DEM, CAPPI and EHIMI.
In the summer convective case the less biased settings have been those that used the freezing level at 4500 m (Figure 12c) . Compared with the operating products, the SRI-DEM shows a more pronounced and centered peak at 0 dB than the CAPPI or the EHIMI (Figure 12d ).
Scatter diagrams
By making scatter diagrams it was possible to evaluate, in addition to the bias, the linearity of the relation between the precipitation estimated by the radar and that measured with the rain gauges. In these types of representations the bias estimate is obtained through the slope of the adjustment Figure 13 . Scatter diagrams of the 24-hour precipitation accumulations between the radar estimates and the observations with rain gauges from 22.3.08 for the products: a) SRI-DEM, b) CAPPI and c) EHIMI, and from 3.1.08 for the products: d) SRI-DEM, e) CAPPI and f) EHIMI. Only those points that have simultaneously reached the precipitation thresholds for rain gauges and radar detailed in the methodology have been considered. Figure 13 indicate the number of valid points used in the calculation. The case of 22 March 2008 shows how the correction of SRI-DEM (Figure 13a ) does reduce the bias of both the CAPPI (Figure 13b ) and the EHIMI (Figure 13c) . However, the highest correlation is the one presented by the EHIMI system, with a value of 0.89, while the SRIDEM gets a lowest correlation, of 0.83. The CAPPI correlation is 0.87 and lies between the two previously discussed cases. As we can observe, the correlations are very high in the three cases, with the EHIMI product that gets the highest correlation in every case. A systematic underestimate was observed both with the CAPPI and the EHIMI, which could indicate a possible error in radar calibration. The same situation is observed in Figures 13d and 13f , where the underestimate slope of the SRI-DEM is lower (Figure 13d ) while the larger correlation coefficient is the one of the EHIMI system (Figure 13f) .
We can see that the configurations of the SRI product with the freezing level height at 0 presented the values with less error in the winter cases (Table 3) , obtaining a bias of nearly 0 dB and very low RMSE and RMSf. The products with the highest errors in these cases are the SRI-DEM and the EHIMI.
In the spring cases (Table 4) , the variability of the freezing level caused more dispersed results. The products that got the highest errors were the CAPPI and the EHIMI; however, the fact that the SRI-0m product presented such a high RMSE shows that the value of its bias is not significant because of the high number of cancellations, causing the result to be masked with a lower value than it should be.
In the case of the summer episode (Table 5 ) the result of the SRI-4500m is the most satisfactory, as it obtained a bias of -1.44 dB. We can observe that the SRIDEM also obtains reasonable values, with a bias of -1.77 dB. In this case the SRI-0 and the EHIMI showed the greatest errors. Regarding the SRI-0m, it obtained a RMSE of 28.69 mm, indicating that the absolute error was considerable and that the effect of the cancellations masked the bias again. On the other hand, the results of the EHIMI showed that its filtering softens the convective precipitation peaks in excess, and therefore, in such episodes, its precipitation measurement is quite underestimated.
For clarity and simplicity, the products that obtained lower RMSE and bias for each episode are marked in Table 6. It is confirmed that the different configurations of the SRI are those that got lower statistical errors in all cases.
Conclusions
This paper presents a study of a radar product (SRI) that performs a correction of the vertical profile of reflectivity in order to minimize the bright band effect. The estimates of precipitation obtained with this methodology have been compared with raingage registers and other estimates of precipitation with operational radar products at the SMC (CAPPI and EHIMI). We found that in all cases the lowest values of statistical errors were obtained by different configurations of the SRI product. In winter episodes, SRI-0m provides the best results. In contrast to other seasons, as anticipated, we have observed that this configuration is usually affected by excessive overestimates. It is interesting to note that in winter situations all the other products give very high errors and their underestimates are very significant. Moreover, it was found that for summer cases, SRI-4500m is the best option. Unlike what was initially expected, the SRI product with the height of the freezing level obtained from radiosonde data with a digital model of elevation Focusing attention on the representations in which there is a comparison between SRI with observed freezing levels with and without DEM, we could see that, in such episodes, the usefulness of DEM is rather low. However, the results are always positive and therefore it is always recommendable to implement it. An important consideration for possible operative uses of the SRI product are the good results obtained with the SRI-climatic. Despite the fact that it estimates precipitation less carefully than the specific SRI for each episode, it is a good first approach to an operational use of the SRI product. However, in order to minimize statistical errors, the implementation of the height of the freezing level by meteorological output models is recommended. Doing this makes it possible to take into account, in a more effective way, freezing level variability and the VPR used in the extrapolation will be closer to the real one.
The precipitation estimates made with the CAPPI product are not the most accurate in any case; this confirms that in order to make quantitative estimates of precipitation it is really necessary to apply corrections to the values directly recorded by the radar.
When using the EHIMI system, estimation of precipitation is not the one with the least bias in any case. This result suggests that there may be some part within the EHIMI system that filters in excess, as the maximum precipitation values are excessively eased. However, we must add that in two of the five cases analyzed the value of the correlation coefficient R 2 obtained by the EHIMI in the 24-hourly accumulations are the highest of the three products analyzed. This result could lead us to believe that possible errors in the radar calibration would have increased the errors obtained in the EHIMI estimate of precipitation, given its particular sensitivity to such problems.
The scatter diagrams of all episodes, confirm that the linearity of the estimated precipitation values regarding those observed by the rain gauges is generally higher in the 24-hour accumulations than in the hourly accumulations. This fact is caused by the strong irregularity of rainfall both in space and in time; so as the local observations are integrated, the values of the accumulations are increasingly homogeneous. This result, together with the histograms shown, that have a narrow base and high peaks in general, bring us to the conclusion that the products analyzed are consistent with their respective configurations.
Another point in favor of the SRI product is its fast processing. The application of the correction takes longer than that generated by a CAPPI, and is therefore very important for operational purposes. However, for operative use it would be suitable to implement more than two daily data of the freezing level height, for example using numerical model outputs as well.
At any rate, it must be clear that these results are preliminary. The correction of the vertical profile of reflectivity is subject to many variables that make it an extremely difficult and delicate task. Therefore, in order to increase the reliability of these conclusions it would be necessary, on the one hand, to carry out this study with other values of the theoretical VPR parameters that have remained invariable for all the cases, such as the intensity of the peak of the melting layer, its thickness or reflectivity gradients above and below the melting layer. Alternative values can be extracted from the bibliography, such as those used by the UK Met-Office (Scovell et al., 2008) . On the other hand, it is necessary to add more precipitation episodes for each season to the study and see the evolution of the different products that are evaluated.
